Sleep is known to enhance performance following physical practice (PP) of a new sequence of movements. Apart from a pilot study, it is still unknown whether a similar sleep-dependent consolidation effect can be observed following motor imagery (MI) and whether this mnemonic process is related to MI speed. design: Counterbalanced within-subject design. Setting: The laboratory. participants: Thirty-two participants. interventions: PP, real-time MI, fast MI, and NoSleep (control) groups. Measurements and results: Subjects practiced an explicitly known sequence of finger movements, and were assigned to PP, real-time MI, or fast MI, in which they intentionally imagined the sequence at a faster pace. A NoSleep group subjected to real-time MI, but without any intervening sleep, was also tested. Performance was evaluated before practice, as well as prior to, and after a night of sleep or a similar time interval during the daytime. Compared with the NoSleep group, the results revealed offline gains in performance after sleep in the PP, real-time MI, and fast MI groups. There was no correlation between a measure of underestimation of the time to imagine the motor sequence and the actual speed gains after sleep, neither between the ease/difficulty to form mental images and performance gains. Conclusions: These results provide evidence that sleep contributes to the consolidation of motor sequence learning acquired through MI and further suggests that offline delayed gains are not related to the MI content per se. They extend our previous findings and strongly confirm that performance enhancement following MI is sleep dependent.
THERE IS NOW COMPELLING EVIDENCE THAT SLEEP CONTRIBUTES TO THE CONSOLIDATION PROCESS OF PROCEDURAL TYPES OF MEMORY,
1-3 AND OF MOTORsequence learning in particular. [4] [5] [6] [7] [8] [9] The term memory consolidation refers to a poorly defined set of processes that convert an initial unstable memory representation into a more stable and effective form.
10 More specifically, Stickgold and Walker 10 also proposed that this term should refer to the automatic postencoding processing occurring without intent or awareness but not to those requiring conscious and behavioral rehearsal. Practically, researchers have reported the existence of delayed gains in performance using a sequential finger-tapping task after a night of sleep but not after a comparable time interval during daytime. 6, [11] [12] [13] These findings support the role of sleep in the offline processing or reprocessing of memories, 10 and some authors have even suggested that physical practice (PP) should ideally be followed by sleep to ensure long-lasting storage of a newly acquired motor skill. 5, 8, [14] [15] [16] By contrast, research investigating the possibility of sleep-related improvements in motor learning following mental practice with motor imagery (MI) has been almost nonexistent (see 1 , for an exception). Motor imagery is a dynamic state during which one mentally simulates an action without any concomitant body movement.
16 Studies looking at this learning-enhancing technique have shown that MI and PP of motor tasks show several parallel outcome characteristics, as shown by their degree of similarity at the temporal, behavioral, and neural levels.
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Findings from these experiments have provided evidence that the time course of mentally simulated actions is correlated with that taken to execute the same movement. Second, the analysis of the autonomic nervous system activity shows similar responses during imagined and actual movements. Finally, brain-mapping techniques have shown that goal-directed actions, whether executed or imagined, recruit similar (albeit nonidentical) neural substrates. Practically, MI has been found to be effective in the rehabilitation of patients with neurologic disorders affecting the motor system. [23] [24] [25] In an attempt to explore whether mental practice with MI can also elicit consolidation processes similar to those observed following PP, we have recently tested young healthy subjects who were required to imagine that they were performing a kinematic motor-adaptation task before and after a night of sleep.
1 Interestingly, practice with MI produced a significant increase in the subjects' speed to complete the targetreaching task following sleep, suggesting that this physiologic state plays a role in the consolidation of newly learned adapted movements. Our interpretation of such findings was limited, however, by the fact that we could not exclude the possibility that performance gains were also partially due to the speed at which movements were performed during the MI condition. Indeed, all participants strongly underestimated the time needed to reach each target, i.e., they imagined doing the task faster than when they were physically performing the movements. Such a lack of temporal congruence between the actual and im- agined movements is known to result in a significant decrease in movement time. [26] [27] Changing MI speed (voluntarily or not) is sufficient to elicit changes in the timing of actual movements, and it was therefore difficult to determine the influence of such effect, as compared with the contribution of sleep, to explain performance gains. Second, our previous study did not include any group that was trained and retested during the daytime, and, thus, it was not possible to determine whether the gain in performance following MI was sleep dependent or was also due to the simple passage of time.
The present study thus aimed to test further the hypothesis that mental practice of a motor sequence learning task with MI can elicit a consolidation process similar to that observed following PP of the same task. To do so, we used an adapted version of the sequential finger-tapping task first developed by Karni et al. 28 This task was chosen because it is known that consolidation of this type of motor skill is sleep dependent, 4,6,8 and because there is evidence of a temporal congruence between the physical and imagined conditions. 29 Indeed, investigators have previously shown that the time necessary to imagine a sequence of finger movements does not differ from that needed to physically produce the same sequential movements 29 and that MI is effective in improving the performance on this type of motor skill.
30 In the present study, motor performance was evaluated before training, as well as before and after a night of sleep, or after a similar time interval without sleep during the daytime. Groups of young healthy participants were either asked to PP or to imagine an explicitly known motor sequence. Subjects in the MI condition were required to perform the sequence in real time (rtMI) or at a faster pace than usual (fMI) to control for possible effects of different mental representations on motor memory consolidation. Specifically, comparing 2 MI-speed conditions was a prerequisite to identify whether voluntary changes in MI speed play a specific and critical role in explaining performance gains. Last, a final NoSleep (control) group, in which subjects were trained and retested the same day (without any intervening sleep) after rtMI practice, was also included to test for the role of passage of time in consolidating this form of learning. We predicted that all groups would demonstrate a sig-significant improvement in performance following the initial training session. Subjects in the PP, rtMI, and fMI conditions were also expected to show delayed gains in performance, whereas those in the NoSleep group were not. Finally, based on findings from our previous study, 1 we hypothesized that greater offline delayed gains would be observed in the fMI group, compared with the rtMI group.
MethodS participants
A total of 32 healthy volunteers aged 20 to 35 years (mean age: 26.9 ± 3.5 years; 17 women) took part in this study. They were right handed, as assessed by the Edinburgh Handedness Inventory.
31 They reported sleeping regularly between 7 and 9 hours per night, and extreme evening-and morning-type individuals, as well as regular nappers and smokers, were excluded. None had any prior history of drug or alcohol abuse or neurologic, psychiatric, or sleep disorders, and they were instructed to be drug, alcohol, and caffeine free for 24 hours prior to and during the experiment. Musicians and professional typists were excluded to avoid participants with previous experience on finger-tapping sequence tasks. This study was approved by the Research Ethics Committee of the University of Lyon, and all participants signed an informed consent form. The procedure used in this experiment was explained, and instructions regarding the motor task and questionnaires were given, although no information was provided about the objectives of the study or about the dependent variables of interest.
design and apparatus

Motor tasks
A computerized version of the sequential finger-tapping task developed by Karni et al. 28 was used to measure motorsequence learning. This task was chosen because rapid changes in behavior performance are usually observed with practice and because it provides robust sleep-dependent consolidation effects. 5, 6, 11 Moreover, Rodriguez and colleagues 29 have shown that such types of physical and imagined motor sequences are, on average, performed at a similar pace. Participants were first asked to memorize a sequence of 8 moves using fingers 2 to 5 (2-4-3-5-3-4-2-5) until they were able to perform it explicitly from memory. The order of finger movements was pseudo-randomly selected such that each finger was used twice in a sequence. Subjects were requested to tap the sequence as fast and accurately as possible on a computer keyboard during periods lasting 30 seconds, while making as few errors as possible. Perseconds, while making as few errors as possible. Pers, while making as few errors as possible. Performance on each sequence task trial was validated by pushing the space bar of the computer to record the duration of each motor sequence. All key presses were recorded and averaged over the entire sequence using a home-made MATLAB-written routine. For each participant, this software compared the sequence of key presses produced by the participant with the correct sewith the correct sethe correct sequence template to be performed, hence allowing detection of any discordance between the real and expected taps within the given sequence. Each 30-second period was then followed by a rest-period of 20 seconds. The number of correct sequences and the average speed used to perform each sequence constituted dependent variables of interest.
Sleep Characteristics and Mi abilities
All participants were first asked to fill out the Pittsburg Sleep Quality Index 32 to assess sleep quality and quantity. This test was administered to exclude participants who were experiencing obvious disturbances during their sleep-wake cycles and to ascertain the participants' predisposition to benefit from the natural effects of sleep. Subjective measures of alertness and fatigue were also collected using the Stanford Sleepiness Score on the 2 days preceding the experiment. In regard to the individual imagery abilities, the revised version of the Movement Imagery Questionnaire 33 was administered to measure the individual's ability to form kinesthetic and visual mental images. The latter consists of an 8-item self-report questionnaire in which subjects have to rate the vividness of their mental representation using two 7-point scales. The first series of items measures the individual's ability to form visual images (1 = very hard to see and 7 = very easy to visualize), whereas the second rates the ability to perceive the sensations usually elicited by the move- ment during kinesthetic imagery (1 = very hard to feel and 7 = very easy to feel). The subjects also filled out a recent revised version of the Vividness of Movement Imagery Questionnaire (VMIQ-2
34
) to determine (on a 5-point scale) the clarity with which they were able to imagine movements and especially the difference between their capacity to use internal and external visual imagery.
pretraining Session
The experiment was scheduled to begin at 20:00 (08:00 in the NoSleep group). As mentioned above, the participants were first asked to learn an explicitly known sequence of 8 finger movements using their nondominant hand. To familiarize themselves with the sequence, they were then given a few trials until they were able to physically perform 5 successive correct finger sequences. Following this introductory session, the pretraining session began and consisted of 4 practice blocks lasting 30 sec-4 practice blocks lasting 30 secpractice blocks lasting 30 sec-seconds each. Without visual feedback, participants had to repeat the sequence as fast and accurately as possible. To start each block, as well as after completing each MI and PP finger sequence, they were requested to push the space bar. At the end of the 30-second period, a 20-second countdown was automatisecond period, a 20-second countdown was automatiperiod, a 20-second countdown was automatisecond countdown was automaticountdown was automatically initiated on the computer screen before the next 30-second period. During this time lapse, the participants were explicitly asked not to imagine or physically execute the finger sequence. Hence, each 30-second period was systematically followed by a 20-second rest period, so that the pretraining session lasted 3 minutes altogether.
pp and Mi training
The NoSleep control group (n = 8) was subjected to MI training at approximately 08:00 and was retested on the same day at approximately 20:00. All of the other participants in the PP, rtMI, and fMI groups were first trained in the evening at approximately 20:00 and were retested the next morning at approximately 08:00. Subjects were randomly assigned to 1 of 3 experiment conditions (n = 8 in each group) that differed in the type of practice to be performed (PP, rtMI, or fMI). To ensure that the groups' performance during the learning and consolidation processes would not depend upon the individuals' imagery abilities, we verified that the individuals' Movement Imagery Questionnaire-revised and VMIQ-2 test scores did not significantly differ among the 4 groups. During practice, all partici-4 groups. During practice, all particigroups. During practice, all participants were required to either actually perform or imagine the finger sequence during 12 blocks of 30 seconds each, which were separated by 20-second rest periods, for a total duration of 9 minutes. The NoSleep, as well as the rtMI and fMI groups, were required to imagine the motor sequence learning task using a combination of internal visual imagery and kinesthetic imagery, i.e., imagining movement from within one's body and perceiving the sensations of how it feels to perform the action. The participants rehearsed the finger sequence in a quiet room, without any environmental constraints, i.e., without distracting stimuli to facilitate focused attention on the formation of the mental images. An imagery script was read to the participants to ensure that they followed similar instructions throughout MI sessions (see Appendix). To prevent actual finger movements during MI, the participants were required to leave their left hand motionless on their right forearm and were asked to keep their eyes open to read the instructions on a computer screen. In both the rtMI and NoSleep groups, participants were requested to imagine producing the finger sequence at a pace that was similar to the duration of the motor performance during the pretraining session. To make sure that all subjects would follow such guidelines and to be able to record the duration of each sequence, they were asked to push the space bar with their right hand after imagining each motor sequence. By contrast, the fMI group was instructed to mentally increase the speed of their motor performance and, thus, to underestimate movement duration during mental practice. Finally, the PP group was required to physically perform the finger sequence for an equal amount of time, i.e., 12 periods of 30 seconds.
posttraining and retest Sessions
Two different posttraining test sessions were carried out to investigate the impact of MI and PP practice, as well as the sleep or wake-related effects on motor memory consolidation. The first posttraining test was conducted right after the training session and was similar to the pretraining session (i.e., four 30-second periods during which the participants were asked to actually perform the finger sequence as fast and accurately as possible). Individual debriefings were further scheduled in the NoSleep, rtMI, and fMI groups to investigate adherence to the MI instructions and to determine whether the participants encountered difficulty in forming mental images. Then, to control for MI accuracy, participants were asked to autoevaluate the quality of their mental images using a Likert-type scale (from 1 = poor mental representation to 6 = very accurate mental representation).
Finally, a second identical retest session was administered either following an 8-hour ( ± 1 h) night of sleep (the session began approximately 2 hours after waking up) or following a 12-hour daytime period in the NoSleep control group. Between the first and the second posttests, the participants were instructed to keep physical activity to a minimum.
data analysis
The dependent variables were the number of correct sequences and movement times. Imagined times were also considered to check whether the participants complied with the imagery guidelines, i.e., whether MI was adequately performed either in real time or at a faster pace. For the statistical analyses, we first checked that all of the data fit a normal distribution and that there was not any group difference during the pretraining test performance. Because no significant sex difference was found when comparing the number of correct sequences, as well as their average times, there was no need to take sex as an independent variable. Then, 2-way (Group × Session) analyses of variance for repeated measures were performed to compare the behavioral data in all groups. When the performance from 2 groups was compared directly, Student t tests followed by Bonferroni posthoc comparisons were carried out. Group scores on quesquestionnaires were compared using Student paired t tests. Finally, the Pearson correlation test was used to assess a possible linear relationship between the temporal accuracy of MI during practice and the effect of sleep on behavior performance. The results are presented as mean (SEM), and a P level of less than 0.05 was considered critical for assigning statistical significance. A repeated-measure analysis of variance yielded a significant main effect of Session (F 6,30 = 62.96, P < 0.001), as well as a significant Group x Session interaction (F 6,30 = 2.9, P = 0.016). Accordingly, further Bonferroni posthoc analyses revealed that the PP group improved its performance from the pretraining to the posttraining session (t = 4.86, P = 0.002), as well as from the posttraining to the retest session (t = 5, P = 0.002) (see Figure  1) . Similarly, the rtMI group showed a significant difference between the pretraining and the posttraining session (t = 5.4, P < 0.001), as well as between the posttraining and the retest session (t = 3.1, P = 0.02). Analyses of the fMI group showed that the subjects' performance was significantly different from that recorded during the posttraining (t = 4.2, P = 0.004) and retest sessions (t = 3.6, P < 0.01), providing further evidence of a significant effect of sleep. Finally, the NoSleep control group increased the number of correct sequences from the pretraining to the posttraining (t = 5.1, P < 0.001). By contrast, however, participants showed a slight tendency to make more errors during the retest session, although the difference did not reach significance (t = 1.15, P > 0.05).
A similar pattern of results was observed when using average movement times as a dependent measure during the pretraining, mean times (SD) being 3.51 seconds (0.37) in the NoSleep group, 4.12 seconds (0.5) in the PP group, 3.3 seconds (0.25) in the rtMI group, and 3.78 seconds (0.22) in the fMI group (Table 1 ). An analysis of variance for repeated measures provided evidence of a significant Session effect (F 6,30 = 79.46, P < 0.001), as well as a Group × Session interaction (F 6,30 = 3.8, P = 0.003), but no main effect of Group. In the PP group, the participants decreased their movement times from the pretraining to the posttraining session (t = 4.16, P = 0.004), as well as from the posttraining to the retest session (t = 4.11, P = 0.004). Subjects in the rtMI group also increased their movement speed from the pretraining to the posttraining session (t = 5.96, P < 0.001), and from the posttraining to the retest session (t = 3.24, P = 0.014). Similar performance gains were observed in the fMI group (t = 6.46, P < 0.001 in pretraining vs posttraining, and t = 5.66, P < 0.001 in posttraining vs retest, respectively). Finally, and contrasting with the sleep-related effects in the other groups, the simple passage of time did not result in similar findings. Although the NoSleep control group (see Figure 2 ) logically decreased its average movement time from the pretraining to the posttraining following practice (t = 7.1, P < 0.001), the participants showed a slight tendency of being slower during the retest session (t = 1.85, P = 0.1).
reSUltS
Questionnaires
The average sleep score, as measured by the Pittsburg Sleep Quality Index, was 2.8 (1.2), thus attesting to the "good quality" of sleep in all participants. There was no difference in the Stanford Sleepiness Score ratings between sessions or among groups. On the 7-point scale (1 = being most alert), mean values for the NoSleep group were 1.7 (0.7) during the first session and 1.6 (0.7) during the second session. The corresponding results in the PP groups were 1.6 (0.7) and 1.75 (0.8), 1.5 (0.53) and 1.75 (0.7) in the rtMI group, and 1.5 (0.53) and 1.3 (0.51) in the fMI group. With respect to sleep quality, the total sleep time was similar in all participants (8 h ± 1 h), and none of subjects had trouble sleeping. Mean (SEM) MIQ scores were 46 (2.3) in the PP group, 44.9 (4) in the rtMI group, 44 (2.5) in the fMI group, and 42.8 (2.4) in the NoSleep control group. As expected, visual scores were systematically higher than kinesthetic scores in all groups (t = 5.47, P < 0.001). No significant difference was found between the 3 MI groups, thus guaranteeing homogeneity in terms of individual ability to elicit motor mental images. Similarly, no difference was found when comparing the average VMIQ-2 scores in the 4 groups, i.e., 80.5 (3.4) in the PP group, 84 (7.2) in the rtMI group, 91 (5.13) in the MI group, and 79.9 (12.3) in NoSleep group. When considering the internal visual, external visual, and kinesthetic imagery scales, better external visual imagery scores were found, as compared with internal visual imagery (t = -2.56, P = 0.01) and kinesthetic imagery (t = -6.62, P < 0.001), whereas internal visual imagery scores were also better than kinesthetic imagery scores (t = -4.07, P < 0.001), in all participants (whole sample average scores [SEM] 
Behavior data
There was no main effect of Group, or Group × Session inGroup × Session interaction when comparing the mean number of correct finger sequences during the pretraining session, hence demonstrating that the 4 groups did not differ in their ability to learn the finger sequence. Similarly, there was no difference when considering the subjects' average movement time to produce the sequence. We also verified that all groups of participants reached an asymptotic level of performance during the initial training session, hence showing that performance was stabilized before moving to the posttraining session. Data are presented as mean (SEM). PP refers to physical practice; rtMI, real-time mental imagery; fMI, fast mental imagery. a P < 0.01; b P < 0.001; c P < 0.05 ed delayed gains in performance on the finger sequence task, hence reflecting a significant offline consolidation process. By contrast, a comparable interval of time without intervening sleep did not result in any performance gains. Furthermore, data revealed that, except for the NoSleep group, participants in the 3 other groups significantly improved their accuracy and speed of finger movement during the retest session. Compared with the rtMI and the PP groups, however, offline performance gains were not greater in the fMI group.
Sleep and Motor Imagery-Debarnot et al
As expected, and consistent with the motor learning literature, all participants improved their performance following the same amount of either physical or mental practice, i.e., during the posttraining session. [35] [36] When first looking at the offline motor memory consolidation following PP, the results of the present study thus revealed significant offline gains in performance after sleep. These findings are in line with those of other studies and provide further evidence that sleep contributes to the enhancement of motor performance, both in accuracy and speed. 8, [12] [13] 37 For instance, our results are consistent with those of Fischer et al., 5 who used a similar finger-sequence task and reported that the first night of sleep following training was crucial for delayed gains.
As well, and in keeping with our previous study, 1 similar sleep-related effects were seen following MI practice, hence supporting the principle of functional equivalence between MI and motor performance.
18 Furthermore, the simple passage of time was not sufficient to provide additional benefits in the NoSleep group, which stabilized its performance, albeit with a nonsignificant tendency to make more mistakes and to perform with lower velocity. This latter result reinforces the influence of sleep in offline motor memory consolidation, and suggests that the wake state per se is not sufficient to promote significant memory improvement. Indeed, the results of the NoSleep group, in which the participants engaged in rtMI during practice, revealed stabilization across periods of wake, as there was a slight, albeit not significant, decrease in performance. Though participants were instructed to avoid using MI during their wake state, it may not be totally excluded that explicit learning gave them the opportunity to mentally rehearse some or the whole sequence during the day.
7 Despite this, however, the NoSleep group did not improve the performance during the retest session. Instead, the stabilization of their performance might suggest that a memory trace steadily became less susceptible to interference following rtMI practice, without the benefit of sleep.
38 This type of time-dependent offline processing reduces the fragility of the explicit memory but does not support offline skill improveAverage MI times per sequence during the initial practice session were 4.07 seconds (0.3) in the NoSleep group, 3.44 seconds (0.3) in the rtMI group, and 2.99 seconds (0.25) in the fMI group. The results of an analysis of variance for repeated measures revealed a significant Group × Session interaction (F 2,22 = 11.1, P < 0.001). Subsequent 2-by-2 comparisons demonstrated that the NoSleep and rtMI groups imagined doing sequences in a time that was not statistically different from the actual time to produce the sequence physically during the pretraining session. As expected, however, the difference reached significance in the fMI group (t = 4.05, P = 0.005), thus attesting that participants had increased their speed of movements in this MI condition.
Finally, there was no correlation between the subjects' extent of underestimation or overestimation of movement times during MI and both the number of correct finger sequences and the decrease in movement times following sleep. Likewise, the latter dependent variables were not correlated with the individual imagery ability, as measured by the imagery questionnaires.
assessment of imagery Use
First, no group difference was found when comparing the subjects' ratings in evaluating the vividness of their mental images during MI practice. The mean score of the NoSleep group was 4.3 (0.2), whereas it was 4.5 (0.3) in the rtMI group, and 4.3 (0.3) in the fMI group. Furthermore, during the debriefing following MI, all participants reported that they used the imagery type outlined in the scripts. They combined internal visual and kinesthetic imagery without switching to external visual imagery. None reported changing the imagery script to suit their individual needs, and all rehearsed the motor sequence as they were requested to do. Indeed, they were able to report each movement with an explicit knowledge of each key that they had to press in the PP condition.
diSCUSSion
The present study aimed to further investigate the sleep-related effects of mental practice with MI on memory consolidation of a newly learned sequence of movements. MI is known to impact the motor memory consolidation, in the same way that impairment in working memory might compromise the longterm retention of a skilled behavior with MI, hence hindering the ability to engage successfully in MI. Despite this, however, little was known in regard to the combined effect of sleep and MI on memory consolidation. In line with our previous study, associations between sleep-dependent changes in the neuronal representation and behavior-output measures of memory consolidation.
To conclude, our findings confirm and expand on the sleeprelated effects on motor memory consolidation following MI practice that we reported previously in Debarnot et al.
1 These results further reinforce the principle of functional equivalence between MI and PP. They have strong theoretic and practical applications in both motor learning and (neuro)rehabilitation processes, in which performing MI is cost effective and easily feasible.
19,41 Similar cerebral plasticity to that seen following PP of a motor task has been reported during MI.
42 MI practice could therefore be incorporated during the classical course of physical therapy, and most especially before a period of sleep, to benefit from the offline motor consolidation during the recovery process. Second, because sleep-spindle activity is thought to play a role in motor memory consolidation by facilitating the neuronal plasticity, we think that further investigations that include recording polysmonographic data are needed to determine whether features of Stage 2 sleep are similarly modulated following MI practice. Likewise, consolidation might also be connected to NREM sleep and slow wave sleep. Hence, future research should determine the specific stages of sleep that are critical for discrete steps in motor-memory consolidation following MI. As for motor-skill consolidation, 10 there may be more than a single phase of sleep-dependent consolidation.
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This was not an industry supported study. The authors have indicated no financial conflicts of interest. reFerenCeS ments. Overall, these results reinforce the idea that performance gains following MI are somewhat sleep dependent, 1 thus assuming that a night of sleep after MI practice results in similar motor memory consolidation than following PP.
Compared with the PP and rtMI groups, the fMI group did not benefit to a greater extent from the sleep-related enhancement of motor performance. Despite the fact that subjects intentionally imagined the movement at a faster pace during training, the speed of actual performance was very similar to that of the rtMI group before and after the night of sleep. This finding was confirmed by the lack of correlation between the extent of the underestimation during MI and the actual speed gains after sleep. This pattern of results confirms that offline delayed gains are primarily due to sleep but not by the content of MI practice per se (and most especially, the speed of imagined movements). In other words, we may hypothesize that sleeprelated effects on motor consolidation are a general process resulting in higher performance but that they do not impact 1 specific characteristic of the motor act, such as speed. Also, no correlation was found between the individual ability to perform accurate MI and delayed gains, hence suggesting that the moderate individual imagery vividness of the participants cannot be considered to be an influencing factor for motor-memory consolidation through sleep.
Interestingly, the results of the fMI group did not reveal greater performance, compared with the rtMI group, even though the subjects imagined the motor sequence at a significantly faster pace. This pattern of findings differs slightly from those reported by Boschker et al. 26 and Louis et al., 27 who have shown that imagining performing the task faster than during PP might result in a significant decrease in movement time. Such a discrepancy, however, may be explained by the difference in the nature of the tasks, as our finger-sequence task was very different from the complex body sequences and sporting skills used in these 2 studies. Based on these findings, we postulate that the benefits in movement speed following acceleration of the MI speed are not systematic but, rather, task related. Further studies are therefore needed to investigate in greater detail whether intentional changes in MI speed do effectively result in different actual motor performance times and whether a change in speed using MI has any effect on the consolidation process.
From a neurophysiologic approach, sleep stages (slow wave sleep, REM sleep, Stage 2 sleep, etc.) are complex phenomena with only some of the underlying processes specifically linked to memory consolidation (e.g., spindles). Basically, neuroimaging experiments have revealed that fingers-tapping tasks are usually associated with increased time in Stage 2 sleep, and/ or spindle density, these being observed in the prefrontal, frontal, central, and parietal regions but not in the occipital areas.
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Moreover, performance improvement in finger-sequence tasks following PP correlates with either an increased amount of Stage 2 sleep or spindle density across the night. 16, [39] [40] Based on these findings, it is possible that sleep features following rtMI and/or fMI would demonstrate similar spindle generation, primarily located within the parietal region, 3,37 which would result in offline consolidation of a new sequence of finger movements. Although interesting, this working hypothesis awaits further experimental investigation. The latter assumption is also in line with the great amount of research looking for clearer 
